The investigation of neoplastic and other disorders of the bone marrow requires morphological examination of a cellular aspirate and a trephine biopsy specimen in conjunction with immunophenotypic and molecular biological techniques. Two-or three-colour flow cytometry is currently the method of choice for the immunophenotypic characterisation of cell populations in bone marrow aspirate samples. However, immunohistological studies on bone marrow trephine biopsy specimens also have an important and complementary role. The trephine biopsy specimen is particularly important in cases where the aspirate sample is inadequate for flow cytometric investigation or where a population of tumour cells is poorly represented in the aspirate. This is most common where marrow infiltration is focal, or where fibrosis is associated with the tumour.
Decalcified paraffin wax embedded biopsy specimens can be studied using immunohistochemistry, but this technique has the disadvantage that morphology and antigenicity may be poorly preserved. Resin section histology offers the prospect of excellent high resolution light microscopy, and both acrylic and epoxy resins have been advocated as being suitable for this purpose. ' The most popular resin is that based on the monomer glycol methacrylate (GMA) . Various GMA mixtures have been used and most of these will give high quality morphological preservation, but the results of immunohistological studies have been disappointing. Although there are reports that immunohistochemistry is possible on GMA embedded tissue,58 we agree with others that the techniques are complicated, troublesome and impractical in the routine laboratory.9 For this reason, decalcification and paraffin wax embedding continues to be widely used in the immunohistological investigation of bone marrow trephine biopsy specimens.""-3
In an attempt to overcome the problems associated with the GMA resin, a method based on a methyl methacrylate (MMA) resin has been reported'4 '5 which retains good morphological detail and permits the use of standard immunohistological methods. This paper describes the application of this method to routine diagnostic practice, based on the experience of processing around 2500 bone marrow trephine biopsy specimens.
Methods

SPECIMEN PROCESSING
Specimens were fixed for a minimum of 18 hours in 10% formalin. Other formalin based fixatives such as formol saline, neutral buffered formalin and formol calcium have also been evaluated and produce similar results. Bone marrow trephine biopsy specimens were not decalcified prior to processing. The tissue was processed manually in small glass vials on a roller mixer (automated tissue processors may be used for the dehydration stages). that these methods are not necessary, as the resin stubs seal the resin mixture into the mould sufficiently to prevent oxygen contamination. All infiltration and embedding procedures should be done in a fume cupboard.
Following polymerisation, the sections were cut at 2 ptm using glass Ralph knives on a Reichert-Jung 1140 Autocut. Sections were floated out on a 56°C distilled water bath, picked up on clean slides, drained, and placed on a hot plate for a minimum of 10 minutes. Sections for reticulin demonstration were cut at 4 ,um, and those for immunocytochemistry at 3 jim. These After leaving to cool for 20 minutes, the sections were washed in cold water.
Trypsinisation antigen retrieval Sections were incubated in 0.025% trypsin (100 mg trypsin, 400 ml distilled water, 8 ml 5% calcium chloride, pH to 7.8 with 1% sodium hydroxide) at 37°C for six minutes, and then washed in cold tap water to prevent further digestion.
Trypsinisation and microwave antigen retrieval Trypsinisation was done prior to microwave irradiation, using the methods described earlier. Following antigen retrieval, sections were rinsed in 0.005 M Tris buffered saline (TBS) (pH 7.6), and incubated in 20% normal serum for 10 minutes. Excess serum was drained from the sections, and primary antibody applied for an incubation period of one hour, using 0.01 % Tween 20 in TBS as the antibody diluent. Sections were then washed in TBS for five minutes, and incubated in biotinylated secondary antibody (Dako Duet kit K492) for 30 minutes. After washing in TBS, sections were incubated in streptavidin/biotin/horseradish peroxidase complex (Dako Duet kit K492) for 30 minutes. Following washing in TBS, sections were developed in 0.02% diaminobenzidene in Tris buffer (pH 7.6) containing 0.15% hydrogen peroxide. Sections were developed for 10 minutes, then washed in water, and intensified in 0.5% copper sulphate in 0.9% sodium chloride for five minutes. After washing in water, the sections were counterstained in haematoxylin. Sections can be immunostained either manually or by semi-/ automatic methods. Throughout the staining procedures, it is important to recognise that etched MMA sections dry out quicker than paraffin wax sections when not covered with fluid, and, consequently, this must be avoided to help prevent background staining.
Results
The method described here is routinly used at the Haematological Malignancy Diagnostic Service at Leeds General Infirmary. Approximately 2500 bone marrow biopsy specimens have been processed in this way. In every case haematoxylin and eosin, Giemsa, reticulin, and Perls stained sections are examined. Sections are studied immunohistologically when necessary, and about 3000 resin sections are examined using immunocytochemistry each year. None of the biopsy specimens embedded in MMA in our department have been difficult to interpret because of technical failure.
Forty six antibodies are currently in routine use. With the exception of myeloperoxidase and CD57, microwave antigen retrieval or trypsin digestion, or both, are either essential or greatly improve staining intensity and reproducibility."6 The optimal antigen retrieval pretreatment methods and antibody dilutions are shown in tables 1-4. these is that the resin is soluble in its polymerised state in xylene, and unlike other resins MMA does not undergo superpolymerisation.'7 Therefore, sections can be cut and immunostained long after the biopsy specimen was originally embedded. After removal of the resin, the section can be hydrated and handled as a paraffin wax section using ; . t . , * optimal antigen retrieval pretreatments as required. Almost all of the antibodies that can be used on paraffin wax sections also work well on MMA sections (CD40 being an exception). However, pretreatment schedules may need to be prolonged for MMA sections. Our processing method is done entirely at room temperature after conventional histological fixation in 10% formalin. The standard of morphological preservation is consistently better than that on decalcified paraffin wax sections (fig 1) . Variables which may be encountered with parpenia.
affin wax sections, such as the length of time in lasia.
decalcification fluid and the microtomy of thin sections, are not a problem with MMA sections. A further important advantage of this method is that routinely stained sections are available for examination within 48 hours of the specimen being taken. This compares favourably with the use of decalcification followed by paraffin wax processing and embedding. The diagnostic application in which this technique has been of most value is the identification of small populations of neoplastic cells, particularly in regenerative marrow following chemotherapy. Suspicious cells are more readily identified in semi-thin MMA sections, and these can then be identified positively using appropriate markers. This can be of value in detecting residual disease after treatment of myeloma, acute lymphoblastic leukaemia, or 7 hairy cell leukaemia. Low levels of marrow }-'infiltration by follicle centre lymphoma can also be detected. In all of these applications, it is essential to correlate closely the cytological i by appearance of the cell with the antibody of reactivity. This is much easier to do on MMA sections than on decalcified paraffin wax sections.
Another important area of application is in the assessment of the marrow in cases of suspected myelodysplasia and chronic myeloproliferative disorders. The combination of good morphological preservation and small panels of antibodies (for example, myeloperoxidase, glycophorin C, Factor VIII RAG, and CD34) permits accurate and detailed assessment ofbone marrow microarchitecture, which is one of the key features in the diagnosis of myelodyplastic syndrome.'8 '9 Myeloblasts can be positively discriminated from early megakaryocytes and erythroid precursors, and their number and distribution assessed. The prognostic importance of determining the numbers of CD34 positive cells in myeloproliferative disorders has been reported.20 21 The presence of ring sideroblasts can also be readily detected on Perls-stained, MMA-embedded t sections. owed a
In conclusion, we suggest that the use of MMA has many advantages over other meth- 4.-p group.bmj.com on October 29, 2017 -Published by http://jcp.bmj.com/ Downloaded from ods of processing bone marrow trephine biopsy specimens, and we would strongly recommend it for routine use.
